Beams of neon and silicon at 670 MeV-A from the Bevalac were stopped in a copper target. Neutron yields and angular distributions were measured with activation detectors. Attenuation of neutrons through a concrete shield was measured at 70, 540 and 720 to the beam direction. Dose equivalent estimates were made in adjoining areas by using moderated BF3 proportional counters and carbon and aluminum activation detectors. Data are presented and radiation protection aspects discussed.
BF3 proportional counters and carbon and aluminum activation detectors. Data are presented and radiation protection aspects discussed.
Experimental Arrangement
The purpose of these measurernents is to determine source parameters which will be useful in shielding calculations for a proposed medical accelerator [1, 2] . Beams of Ne and Si at 670 MeV.A at an intensity of about 2.5x10 ions/sec were brought from the Bevalac into Cave I (Fig. 1 ). The beam monitor was a calibrated secondarqr emission monitor. The targets used were 76.5 or 38.4 g cm of Cu, somewhat thicker than the range of the primary ions, Ne and Si, respectively, and were placed as shown on Fig. 1 . Neutron detectors [3] were placed at several locations both within and outside of the cave (Table 1) . measured dose equivalents at the locations shown in Fig. 1 : where the shielding is less thick [7, 8] .
C( converts fluence to dose equivalent. The value O (degrees) Z 2Z.33x10~'4m2 Svneutron'1 was used [9] .
0 (e) is the neutron fluence 1 m from the-target [neutrons Table 2 compares the dose equivalent rates measured at the numbered locations on Fig. 1 , to values calculated as just described. The model is accurate to within a factor of two for these conditions. This model is adequate to relate observed dose equivalent levels outside the shield to beam loss in Cave I and provides a rough guide for the proposed medical accelerator shielding. However, it is not necessarily applicable to geometries which substantially differ in lateral shielding thickness.
Dose Equivalent Estimates for Thick Shields
For the estimation of dose equivalent outside thick shields where particle equilibrium is achieved, equations (1) Fig. 3 is significant.
The models of equations (5) and (7) have been used in the design of shielding for a proposed Heavy Ion Medical Accelerator which can accelerate a variety of ions frorm H to 4r, at enerpies up to 800 MeV .A and at intensities of 10 to 10 ions sec [2] .
Conclusions and Future Efforts
The uncertainties in the data presented here demonstrate the need for more detailed measurements. Neutron yields and angular distributions as functions of ion energy, ion species and target mriaterial are required. The attenuation of secondary neutrons in concrete at depths up to 6 m in the forward direction and 3 m in the transverse direction are needed.
